Introduction:
Introduction
Atherosclerosis is the most common cause of cardiovascular diseases. Therefore, it is of critical importance to detect vulnerable plaques for the selection of appropriate treatment and/or the prevention of these diseases [1] [2] [3] . Morphological data such as those obtained by computed tomography techniques and/or magnetic resonance imaging have been used for the diagnosis of atherosclerosis [4] . In addition to these morphological data, nuclear medicine can provide functional information of affected tissues, which seems to be useful for the diagnostic evaluation of atherosclerosis and therapy selection.
In this regard, 18 F-fluorodeoxyglucose ([   18   F ]FDG), a glucose analog, is widely studied for the evaluation of atherosclerosis [5] . High accumulation of [
18 F]FDG is observed in vulnerable plaques owing to the increased inflammation in the lesions [6, 7] . 
Animals
Animal care and all experimental procedures were performed with the approval of the Animal Care Committees of Hokkaido University and Miyazaki University. Eleven male Japanese white rabbits were fed with a conventional (n=5) or a 0.5% cholesterol diet (n=6) and then arterial lesions were induced in the one side of iliac-femoral arteries using a balloon catheter. Three weeks later, the rabbits were subjected to [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] C]acetate uptake assay [8] .
Immunohistochemical analysis
The iliac-femoral arteries were fixed in 4% paraformaldehyde for 12 h at 4 °C and embedded in paraffin. Sections (3 µm thick) were stained with hematoxylin and eosin 9 and immunohistochemically assessed using antibodies against rabbit macrophages (RAM11; DAKO, Glostrup, Denmark) and smooth muscle actin (1A4; DAKO), a marker of smooth muscle cells (SMCs).
[1-
C]Acetate uptake assay
Rabbits fasted for 4 h were sacrificed by exsanguination under deep pentobarbital anesthesia (60 mg/kg) after the intravenous administration of heparin (500 U/kg). Then, the rabbits were perfused with 50 ml of 0.01 mol/l PBS, followed by 50 ml of DMEM, and their iliac-femoral arteries were rapidly removed and weighed. The arteries were preincubated in DMEM containing 10% fetal bovine serum (FBS) and 37 kBq of [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] C]acetate was added. After 60 min of incubation, DMEM was removed and the arteries were rinsed three times with PBS, and homogenized on ice. Radioactivity in the homogenized arteries was counted using a liquid scintillation counter (LSC-6100; ALOKA Co., Tokyo, Japan).
Metabolite analysis in arteries
Metabolite analysis was performed using the non-injured or injured iliac-femoral arteries as described in our previous study [13] . The radioactive components in the 10 homogenized arteries were partitioned into the aqueous, organic, and residue fractions by the Folch method [14] , and then radioactivity was measured. The radioactive components in the aqueous layer were then analyzed by thin-layer chromatography (TLC) (silica gel 60; Merck, Darmstadt, Germany) using a solvent system consisting of ethanol: 28% aqueous ammonia (3:1). The TLC plates were exposed to imaging plates, and the exposed plates were analyzed using an image analyzer (FLA-7000; Fuji Photo Film Co., Tokyo, Japan). Radioactive [1-
acetyl-CoA, glutamate, and aspartate on the TLC plates were identified by comparing with corresponding standards.
Data analysis
All statistical analyses were performed using Stat View version 5.0 (SAS Institute, Inc.). All values are expressed as mean ± standard deviation (SD). In the evaluation of Table 1 ) and metabolite analysis ( Fig. 3 and Supplemental Table 2 ), the Mann-Whitney U test was used. P<0.05 was considered to indicate a statistically significant difference. Table 1 show the radioactivity levels in the iliac-femoral arteries. The radioactivity level in the atherosclerotic arteries was significantly higher 12 than that in either the non-injured or injured arteries of rabbits fed with the conventional diet. The radioactivity levels in both non-injured and injured arteries were relatively higher in the 0.5% cholesterol diet group than in the conventional diet group. Although the radioactivity level in the conventional diet group was hardly affected by balloon injury, that in the 0.5% cholesterol diet group was slightly increased.
Results

Histological findings
Metabolite analysis in the arteries
The radioactive components in the iliac-femoral arteries were partitioned into the aqueous, organic, and residue fractions by the Folch method ( Fig. 2b and Supplemental Table 1 ). Most of the radioactivity was partitioned into the aqueous fraction (92.6 and 91.7% for non-injured and injured arteries of the conventional diet group, and 94.6 and 87.4% for non-injured and injured arteries of the 0.5% cholesterol diet group, respectively). The radioactivity in the aqueous fraction of rabbits fed with the 0.5% cholesterol diet was significantly higher than that in either the non-injured or injured arteries of rabbits fed with the conventional diet. On the other hand, the percentage of radioactivity in the organic fraction to total radioactivity was negligible. The radioactivity in the organic fraction was significantly higher in the atherosclerotic arteries than in other groups of arteries ( Fig. 2b and Supplemental Table 1 ).
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Radioactive acetyl-CoA, aspartate, glutamate, and unchanged compound were determined in the aqueous fraction ( Fig. 3 and Supplemental Table 2 ). Glutamate fraction was a dominant radioactive component of the aqueous fraction (67.4-69.7% of the aqueous fraction). The glutamate fraction was significantly higher in the atherosclerotic arteries than in the non-injured arteries of rabbits fed with the conventional diet. No marked difference was observed in the percentage of radioactivity in each fraction to total radioactivity in the aqueous fraction among the four groups of arteries, including the glutamate fraction ( Fig. 3 and Supplemental Table 2 ). C]acetyl-CoA condenses with oxaloacetate to form citrate, which then enters the TCA cycle as well as form substrates for lipid synthesis [15, 16] . Glutamate and aspartate are synthesized from α-ketoglutarate and from oxaloacetate, respectively, in the TCA cycle (Fig. 4) . We considered that our results are relevant to this pathway. Furthermore, our previous metabolomics analysis showed that the level of glutamate as a polarized metabolite was highest in the arteries, and it further increases in the atherosclerotic arteries (data not shown). Thus, the present results of our study using [ Table 2 MCTs, an acetate transporter, are widely distributed in many cells including macrophages and SMCs [17, 18] . Particularly, expression level of MCTs in macrophages is enhanced by various factors such as lipopolysaccharide (LPS) stimulation [18, 19] .
Thus, the accumulation of acetate-derived radioactivity may reflect the expression levels of MCTs and/or metabolic status of the arteries including subsequent TCA cycle related enzyme.
As for the metabolic aspects of [ The radioactivity level was relatively higher in the non-injured arteries of rabbits fed with the 0.5% cholesterol diet than in either the non-injured or injured arteries of rabbits fed with the conventional diet (Fig. 2a) . The non-injured and injured arteries were obtained from the same rabbit in our experiment. It seems that the radioactivity level is increased by hyperlipidemia and/or mild intimal injury induced by the burden of the cholesterol diet, even in the non-injured arteries of rabbits fed with the 0.5% cholesterol diet. Thus, our data showed that the increased uptake level of 
